Tumor suppression by IGF-binding protein 3 (IGFBP3) may occur in an IGF-independent manner, in addition to its role as a regulator of IGF bioavailability. After secretion, IGFBP3 is internalized, rapidly localized to the nucleus, and is later detected in the cytoplasm. We identified a putative nuclear export sequence (NES) in IGFBP3 between amino acids 217 and 228, analogous to the leucine-rich NES sequence of p53 and HIV Rev. Mutation of the NES prevents nucleocytoplasmic shuttling of IGFBP3 and blocks its ability to induce apoptosis. Targeting of IGFBP3 to the mitochondria and endoplasmic reticulum (ER) was confirmed by co-localization with organelle markers using fluorescence confocal microscopy and subcellular fractionation. Mitochondrial targeting was also demonstrated in vivo in IGFBP3-treated prostate cancer xenografts. These results show that IGFBP3 shuttles from the nucleus to the mitochondria and ER, and that nuclear export is essential for its effects on prostate cancer apoptosis.
Introduction
Insulin-like growth factor-binding protein 3 (IGFBP3) exerts its tumor suppressive properties via IGFdependent and -independent mechanisms (for review see Firth & Baxter (2002) ). IGFBP3 has been historically described as a modulator of cell growth through its IGF-dependent effects, specifically the transport of IGF1 to its receptor resulting in potentiation of IGF1 action, or sequestration of IGF1 from its cognate receptor, inhibiting its activity. Sequestering IGFs from signaling via their cognate receptor is an important property of IGFBP3 that could be explored in the therapy of cancer. However, IGFBP3 is now widely accepted to have additional IGF-independent properties (including apoptosis induction) that identify it as a unique peptide for cancer therapy.
Several advances in the field have enabled researchers to demonstrate evidence for IGF-independent effects of IGFBP3 using various strategies: 1) IGFBP3 mutants that do not bind to IGF1 (Buckway et al. 2001 , Hong et al. 2002 , Yan et al. 2004 or IGF1 analogs with reduced affinity for IGFBP3 (long R3-IGF1, GroPep, Australia, and des-(1-3)-IGF1; Yamamoto & Murphy 1994 ; 2) biologically active IGFBP3 fragments with total and partial loss of IGF affinity respectively (Lalou et al. 1996) ; 3) transfection of an IGFBP3 overexpression vector into cells lacking the type 1 IGF receptor (Valentinis et al. 1995 , Rajah et al. 1997 ; and 4) use of IGF1 negative cell lines (breast cancer cells and chondrocytes; Gucev et al. 1996 , Spagnoli et al. 2002 .
Transgenic mice overexpressing either IGFBP3 or the non-IGF-binding mutant GGG-IGFBP3 mated with a mouse model of prostate cancer demonstrated convincingly that a) IGFBP3 potently inhibits prostate cancer growth and progression, and that b) these effects are mediated by both IGF-dependent and IGF-independent mechanisms (Silha et al. 2006) . Together, in vitro and in vivo studies provide convincing evidence supporting IGF-independent actions of IGFBP3.
After secretion, IGFBP3 is internalized via endocytic mechanisms and localizes to the nucleus (Schedlich et al. 1998 , Lee et al. 2004 ). This transport is mediated by importin-b and a C-terminal nuclear localization sequence (NLS; Schedlich et al. 2000) . In addition, phosphorylation of IGFBP3 by DNA-dependent protein kinase enhances nuclear accumulation and its apoptotic activities (Cobb et al. 2006) .
We previously proposed a role for IGFBP3 in the nucleo-mitochondrial translocation of the nuclear receptors RXRa and Nur77 to initiate the intrinsic apoptotic pathway and caspase activation, as well as demonstrating that IGFBP3 and Nur77 associate in the cytoplasmic compartment of 22RV1 cells (Lee et al. 2005 . Importantly, the nuclear transcription factors p53, Nur77, and RXRa have been shown to be actively transported out of the nucleus to mitochondria dependent on leucine-rich nuclear export sequences (NES; Stommel et al. 1999 , Cao et al. 2004 , Moll et al. 2006 .
For this study, we identified sequence elements in IGFBP3 that are required for nuclear export and mitochondrial localization. We found that nuclear export is required for IGFBP3-induced apoptosis, and that exogenously administered IGFBP3 localizes to mitochondria in 22RV1 prostate cancer xenografts. These findings suggest that IGFBP3 may be regulated by trafficking between nuclear and extranuclear targets, and that these extranuclear targets mediate its apoptotic effects in prostate cancer cells.
Materials and methods

Materials
Insmed (Glen Allen, VA, USA) provided recombinant human IGFBP3. Commercial antibodies included anti-human IGFBP3 from DSL (Webster, TX, USA) and R&D systems (Minneapolis, MN, USA); anti-human PDI (for ER identification) was from Stressgen (Ann Arbor, MI, USA); anti-human ACSL4 (for MAM identification) and anti-human RXRa was from Santa Cruz Biotechnologies (Santa Cruz, CA, USA); and control goat IgG from Santa Cruz Biotechnologies. Anti-human Bcl-2 and Hsp60 were from Abcam (Cambridge, MA, USA). Nur77 antibody was in-house generated and previously described (Lee et al. 2005) . DNA PKcs antibody was from Kamiya Biochemical Company (Seattle, WA, USA). SDS-PAGE reagents, Tween, and fatfree milk were purchased from Bio-Rad. ECL reagents were from Amersham. All other chemicals were from Sigma-Aldrich.
Cell culture 22RV1 cells were maintained in RPMI 1840 medium containing 10% FCS (Life Technologies), 100 units of penicillin/ml, and 100 units of streptomycin/ml in a humidified environment with 5% CO 2 . Fibroblasts from an IGF1 receptor knockout and corresponding wild-type (WT) mouse were a kind gift from Dr Renato Baserga (Sell et al. 1993 , Valentinis et al. 1995 . These cells are designated receptor-negative (RK) embryonic fibroblast cells (MEFs). The R-cells were maintained in DMEM containing 10% fetal bovine serum and geneticin (G418). All cells were used before passage 6.
Site-directed mutagenesis
Mutant NES IGFBP3 protein was constructed by conversion of two leucine residues -at positions 224 and 227 to alanines by second-round PCR overlap mutagenesis. Stratagene's QuikChange Primer Design Program at www.stratagene.com/qcprimerdesign was used for designing primers to introduce the site-directed mutations. Primers GGAAGACACACTGAAT-CACGCGAAGTTCGCCAATGTGCTGAGTCCCA-GG and CCTGGGACTCAGCACATTGGCGA ACTTCGCGTGATTCAGTGTGTCTTCC were used to generate the 224 L to A and 227 L to A double mutant. Underlined are the nucleotides introducing the mutations.
For subcloning into the pFLAG CMV vector (Sigma) and C-terminal FLAG sequence, fusion mutants were amplified with engineered EcoRI and KpnI restriction sites to the sense and antisense primers respectively: GCTGAATTCCCACCATGCAGC-GGGCGCGACCCACG and ATCGGTACCC-TACTTGTCATCGTCGTCCTTGTAATCCTTGCT-CTGCATGCTGTAGCAGTGC. Mutants were confirmed by sequencing.
Transient transfections and cell death ELISA
Cells (2!10 4 ) were seeded in 96-well culture plates. Reagents were appropriately scaled up to six-well plates for transfections that were followed by mitochondrial isolation and subsequent western immunoblotting. Transfections were done with LipofectAMINE:PLUS Reagent as directed by the manufacturer (Invitrogen). Typically, 50 ng b-galactosidase expression vector (pSV-b-Gal, Promega) and 50 ng expression vector were mixed with carrier DNA to give 0.2 mg total DNA per well. After 24-48 h of transfection, photometric Cell Death ELISA (Roche Applied Science) was V Paharkova-Vatchkova and K-W Lee: Subcellular localization of IGFBP3 www.endocrinology-journals.org performed according to the manufacturer's instructions to quantify histone-associated DNA fragments (mono-and oligonucleosomes) generated by apoptotic cells.
Co-immunoprecipitation and western immunoblots
22RV1 nuclear or cytoplasmic extracts were immunoprecipitated with control IgG, anti-IGFBP3, or antiRXRa antibodies. Briefly, 250 ml of protein A-agarose were incubated overnight at 4 8C with 5 ml of antihuman IGFBP3 antibodies. About 125 ml of each antibody-treated protein A-agarose were added to 10 mg protein extract and incubated for 3 h at 4 8C with shaking. Immunoprecipitated proteins were pelleted by centrifugation and washed three times with 500 ml IP wash buffer (1!PBS(Ca 2C Mg 2C free), 0.05% NP40, 0.02% NaN 3 ). Two hundred microliters sample buffer was added to each sample and vortexed vigorously. Samples were boiled and vortexed again to release protein-antibody complexes from the protein A-agarose. The protein A-agarose was then separated from the immunoprecipitated complexes by centrifugation. The supernatants were saved, and the immunoprecipitated proteins were separated by nonreducing SDS-PAGE (8%) at constant voltage overnight, then transferred to PVDF for 4 h at 170 mA. The nitrocellulose was immersed in blocking solution (5% nonfat milk/PBS) for 45 min, washed with TST wash buffer (0.15 M NaCl, 0.01 M Tris base, 0.3% Tween 20, pH 7.4), 0.1% Tween, and incubated with primary anti-human IGFBP3 antibody (1:4000) for 2 h. After washing off any unbound antibodies, the PVDF was incubated with a secondary antibody (1:10 000) for 1 h. The membrane was washed four times with TST wash buffer. Bands were visualized using the peroxidaselinked enhanced chemiluminescence detection system (ECL, Amersham Pharmacia Biotech). Experiments were repeated three times.
Subcellular fractionation procedures
Nu-CLEAR Protein Extraction Kit was from SigmaAldrich, and isolation was followed according to the manufacturer's protocol.
Isolation of mitochondria, endoplasmic reticulum, and mitochondria associated membrane fractions
Membrane-associated fractions were isolated according to the published protocols (Bozidis et al. 2007 ). This procedure combines differential centrifugation (for separation of the postnuclear supernatant from nuclei and cellular debris at low g forces) and a selfgenerating Percoll gradient centrifugation.
Immunoflourescence confocal microscopy
For overexpression staining, 30 000 cells per chamber were plated, and 200 ng plasmid was transfected using Lipofectamine 2000 (Invitrogen) and cells were used for immunohistochemistry 48 h after transfection. Cells were stained live with MitoTracker Deep Red 633 FM (Molecular Probes, Carlsbad, CA, USA) according to the manufacturer's instructions. Cells were fixed for 10 min in 4% paraformaldehyde in PBS and permeabilized in 0.2% Tween 20. Incubations with primary antibody and secondary reagent were done for 1 h at room temperature. For the FLAG-tagged IGFBP3 construct, anti-FLAG antibody rabbit polyclonal (Cell Signaling, Danvers, MA, USA) was used at 400! dilution, followed by Alexa Fluor 488 Goat Anti-Rabbit conjugate (Molecular Probes) at 1:400, i.e. 5 mg/ml final concentration. Counterstaining of nuclei was done with DAPI, and cells were mounted in ProLong Gold antifade reagent (Molecular Probes). Acquisitions were done using Leica DM IRE2 Microscope and Leica Confocal Software. Endogenous IGFBP3 was detected with anti-human IGFBP3 goat polyclonal antibody (R&D), followed by Alexa Fluor 488 (Molecular Probes). Endoplasmic reticulum (ER) was labeled with anti-human PDI mouse monoclonal antibody (Stressgen), followed by Alexa Fluor 633 rabbit anti-mouse IgG (Molecular Probes). For ER staining, samples were stained according to the manufacturer's references (i.e. only methanol fixation/permeabilization for 20 min at K20 8C was carried without fixation in paraformaldehyde).
Tumor xenografts
22RV1 xenograft tumors were generated by injection of 1!10 6 cells in 200 ml mixed at a 1:1 dilution with Matrigel in the right flank of male SCID mice. Tumors were established for 2 weeks before the start of treatment. Ten SCID mice with 22RV1 tumors were treated twice per day with saline or IGFBP3 (40 mg/kg per day) given by divided i.p. injections. The mice were killed after 3 days. Tumors were harvested, and immediately processed with Mitochondria Isolation Kit (animal tissue specific, Sigma). Mitochondrial proteins were resolved by SDS-PAGE and immunoblotted with IGFBP3 antibody (DSL). 
Statistical analysis
All experiments were repeated at least three times. MeansGS.D. are shown. Statistical analyses were performed using ANOVA utilizing InStat (GraphPad, San Diego, CA, USA). Differences were considered statistically significant when P!0.005, denoted by **.
Results
Rapid IGF-independent nuclear localization of IGFBP3 and cytoplasmic export Nuclear localization of IGFBP3 is a well-described phenomenon and has been demonstrated in a variety of cellular models (Jaques et al. 1997 , Li et al. 1997 , Wraight et al. 1998 , Liu et al. 2000 , Sun et al. 2008 . IGFBP3 possesses a consensus bipartite NLS (Radulescu 1994) , and nuclear transport is facilitated by importin-b factor (Schedlich et al. 2000) . We have begun to characterize the intracellular trafficking of IGFBP3 and its relation to biological function. We have also recently published mechanisms involved in the internalization of IGFBP3 after secretion (Lee et al. 2004) . After internalization by endocytic pathways, IGFBP3 is first targeted to the nucleus (Fig. 1A) . About 500 ng of rhIGFBP3 was added to 22RV1 CaP cells for 15 min. Subcellular fractions were isolated, and IGFBP3 was immunoprecipitated with goat polyclonal anti-IGFBP3 antibody. Immunoprecipitation of treated cell lysate with control IgG is also shown on the right. Proteins were resolved by SDS-PAGE, and IGFBP3 was identified by immunoblotting with mouse monoclonal anti-IGFBP3 antibody. Within 15 min of addition of IGFBP3, we were able to detect IGFBP3 in the nucleus, suggesting that this is the initial destination of internalized IGFBP3. To expand the time course and explore the IGF-independent intracellular trafficking of IGFBP3, we utilized IGF RK MEFs derived from an IGF1R knockout mouse. These cells have been shown previously to neither bind nor respond to IGFs (Sell et al. 1993) . R-MEFs were pulsed with 500 ng of IGFBP3, and its subcellular localization was followed over a 180 min time course (Fig. 1B) . To demonstrate the purity of the fractionation, expression of mitochondria-specific protein Hsp60 and nuclear-specific protein poly(ADP-ribosyl) polymerase (PARP) is shown. Again, the primary destination of IGFBP3 in 15 min is the nucleus, after which levels in the cytoplasm begin to increase, consistent with an active export mechanism.
A highly conserved NES lies within the C-terminal domain of IGFBP3
Because of the preliminary data in Fig. 1 showing the shuttling of IGFBP3 from the nucleus to the cytoplasm, we examined the primary amino acid sequence of IGFBP3 to determine whether it contains a leucine-rich sequence of conserved spacing and hydrophobicity, which fits the criteria established for an NES (Bogerd et al. 1996 , Kim et al. 1996 . We observed that the C-terminal residues between amino acids 190 and 201 conform to this motif, as indicated by their similarity to other known NESs such as HIV Rev and p53 (Table 1; Fischer et al. 1995 , Stommel et al. 1999 . In addition, alignment of this sequence across other members of the IGFBP family is shown. This sequence is highly conserved in widely divergent species. In addition to its role as a nuclear transcription factor, p53 has a confirmed pro-apoptotic role at the mitochondria (Mihara et al. 2003) . This putative sequence suggests extranuclear trafficking of IGFBP3 and the possibility of a mitochondrial function for IGFBP3. We constructed a mutant NES IGFBP3:FLAG (C-terminal) fusion consisting of leucine to alanine conversions at residues 197 and 200, since analogous mutations in other NES-containing proteins have been reported to prevent nuclear export (Bogerd et al. 1996 , Kim et al. 1996 , Stommel et al. 1999 . WT or mutant NES:FLAG constructs were cloned in expression vectors, verified by sequencing, and transiently transfected to assess subcellular localization.
Western immunoblotting revealed that anti-IGFBP3 antibody recognized the mutant NES ( Fig. 2A) . Fractionation of transfected 22RV1 prostate cancer cells into nuclear and cytoplasmic fractions revealed that whereas WT IGFBP3 had equal distribution between nuclear and cytoplasmic fractions 48 h after transfection, IGFBP3 NES mutant displayed increased expression in nuclear versus cytoplasmic fractions compared with WT IGFBP3 (Fig. 2B) . Densitometric quantitation of the IGFBP3 bands revealed a dramatic increase in nuclear retention of IGFBP3 with concomitant decrease in cytoplasmic localization. Immunoblotting with DNA PKcs and with Hsp60 were used to assess purity of the nuclear and cytoplasmic fractions respectively.
Analysis by indirect immunofluorescent confocal microscopy correlated with subcellular fractionation for IGFBP3 localization with the mutant NES, showing increased accumulation in the nucleus (Fig. 2C ).
Impaired nuclear export of IGFBP3 retains RXRa/Nur77 heterodimers in the nucleus and abolishes the apoptotic actions of IGFBP3
We have previously described nucleo-mitochondrial translocation of nuclear receptor RXRa/Nur77 heterodimers to activate the mitochondrial pathway in apoptosis induction by IGFBP3 (Lee et al. 2005 . We studied the effect of overexpressing mNES IGFBP3 on the subcellular localization of RXRa/Nur77. Mutation of the IGFBP3 NES did not impair the interaction with RXRa or Nur77 (data not shown). mNES as well as WT IGFBP3 expression vector was transiently transfected in 22RV1 CaP cells, and cell lysates were fractionated into nuclear and cytoplasmic fractions. Fractions were then immunoprecipitated with anti-RXRa antibody and immunoblotted with anti-Nur77. Overexpression of mNES IGFBP3 results in a marked increase in nuclear retention of RXRa/Nur77 (Fig. 3A) , impairing nuclear export of important mediators of the apoptotic action of IGFBP3.
To directly examine the functional relationship between the localization of IGFBP3 and its effects on apoptosis, we transiently transfected 22RV1 prostate cancer cells with expression vector, WT IGFBP3, and mNES IGFBP3 (Fig. 3B) . Transfection of WT IGFBP3 in 22RV1 cells increased oligonucleosomal fragments, as measured by a cell death ELISA, by 56% compared with empty vector transfection control. Retaining IGFBP3 in the nucleus by mutating the NES completely inhibited the ability of IGFBP3 to induce apoptosis. These studies confirm the integral role of extranuclear trafficking of IGFBP3 via its NES for its apoptotic properties.
Association of IGFBP3 with mitochondria and ER in vitro
In an attempt to obtain more detailed information on IGFBP3 subcellular protein localization of endogenous IGFBP3 in 22RV1 prostate cancer cells, we utilized a subcellular fractionation that combines differential and Percoll gradient centrifugations, as this is the preferred method for higher purity fractions (Bozidis et al. 2007 ). The internal membranes were segregated into mitochondria (Fig. 4A, lane 1) , mitochondria-associated membrane (MAM; lane 2), ER (lane 3), and a pellet from the MAM fraction that was collected at low g centrifugation, representing an intermediate zone between mitochondria and MAM fraction (lane 4). The MAM fraction, a subdomain of the ER which consists of membrane tubules that provide direct physical contact between the ER and mitochondria, was fractionated to high purity (Vance 1990) . The presence of IGFBP3 in the various membrane fractions was assessed by immunoblotting. The relative purity of the fractions was assessed by the presence of specific marker antibodies (Hsp60-mitochondria; PDI-ER; ACSL4-MAM). Under baseline conditions in vitro, IGFBP3 localizes to the mitochondria (lane 1), and is even more abundantly represented in the ER and MAM membrane fractions (lanes 2 and 3 respectively). Bcl-2 expression is detected in all membrane fractions, as previously described (Lithgow et al. 1994) . RXRa was detected most prominently in the mitochondria fraction, as well as a faint presence in the MAM. The presence of RXRa in lane 4 may represent mitochondria in this transitional layer. In addition, Nur77, another binding partner of IGFBP3, was identified in the MAM and ER, with faint presence in the mitochondrial fraction. Mitochondrial localization of RXRa and Nur77 has been described previously (Cao et al. 2004) . Immunoflourescence studies revealed co-localization of endogenous IGFBP3 with Mitotracker and PDI, an ER marker, consistent with the subcellular fractionation studies (Fig. 4B) . (2010) 17 293-302 www.endocrinology-journals.org
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Mitochondrial targeting of IGFBP3 in vivo
To determine whether administered IGFBP3 is targeted to mitochondria in vivo, we administered saline or recombinant human IGFBP3 (Insmed, Inc.) at 40 mg/kg i.p. divided twice a day for 3 days to male SCID mice carrying 22RV1 prostate cancer tumors. Over this short-time period, tumor size did not decrease (data not shown) as we have described for a longer incubation , and as others have described in a transgenic model utilizing a non-IGFbinding mutant (Cohen 2006 , Silha et al. 2006 . Mitochondria were isolated utilizing the Sigma animal tissue mitochondrial isolation kit, and associated proteins were resolved by SDS-PAGE (Fig. 5) .
In three of four tumors examined, IGFBP3 was found to be associated with mitochondria. Hsp60 and PARP were used to assess purity of the mitochondrial fraction.
Discussion
In the present study, we have expanded on previous structural elements that regulate the intracellular localization of IGFBP3, namely a C-terminal NLS (Schedlich et al. 2000) . In the nucleus, IGFBP3 may interact with the nuclear receptors RXRa and RAR to modulate DNA transcription (Liu et al. 2000 , Schedlich et al. 2004 , not unlike related binding protein IGFBP5 which also localizes to cell nuclei and interacts with RXRa, RAR, and the vitamin D receptor (Schedlich et al. 2004 (Schedlich et al. , 2007 . In addition, nuclear ubiquitination of IGFBP3 on lysine residues with subsequent degradation has been described (Santer et al. 2006) . We have demonstrated cytoplasmic interaction of endogenous IGFBP3 with the nuclear receptor Nur77 ). Upon addition of exogenous IGFBP3, RXRa/Nur77 heterodimers translocate to mitochondria and activate the intrinsic apoptotic pathway (Lee et al. 2005) .
Upon internalization by the cell, IGFBP3 is rapidly endocytosed to the nucleus and is actively transported to the cytoplasm, since mutations in the NES cause nuclear accumulation of IGFBP3. We also describe the mitochondrial localization of endogenous IGFBP3, as evidenced by subcellular fractionation and immunofluouresence confocal microscopy. Significantly, we have recently published that IGFBP3 and BAX interaction at the mitochondria activates testicular germ cell apoptosis (Jia et al. 2009 ). IGFBP1 has been reported to be up-regulated in response to p53 activation and antagonizes p53 mitochondrial accumulation secondary to BAK inactivation at mitochondria in hepatocytes (Leu & George 2007) . However, IGFBP1 has not been described in the nucleus and is most dissimilar to the other IGFBPs in the leucine-rich hydrophobicity characteristic of NES (Table 1) . This, combined with the fact that sequence analysis by subcellular localization bioinformatics programs does not indicate a mitochondrial targeting sequence in IGFBP1 (data not shown), means that intracellular trafficking similar to what we describe for IGFBP3 has not been previously demonstrated.
We also describe the initial description of endogenous localization for IGFBP3 and its binding partner the nuclear receptor Nur77 in the ER. Although we cannot rule out that IGFBP3 presence in the ER is not evidence of de novo ribosomal synthesis, complete absence of other probed proteins (e.g. RXRa and Hsp60) would argue against constitutive background translation. Signaling pathways emanating from the ER are involved in apoptosis initiated by stimuli as diverse as ER stress, oncogene expression, death receptor ligation, and oxidative stress (Malhotra & Kaufman 2007 , Heath-Engel et al. 2008 . Multiple pathways may be involved in ER stress-initiated apoptosis, including crosstalk with the mitochondria (Hetz 2007) . IGFBP3 has been associated with a rapid increase in intracellular Ca 2C concentrations (Ricort et al. 2002) . The authors proposed the activation of a G-coupled protein by IGFBP3 as this was a pertussis toxin-sensitive pathway. However, radio-iodinated IGFBP3 was utilized, and in our experience, it does not internalize into cells (data not shown). As the ER lumen represents that the major site of intracellular Ca 2C storage and release has been implicated in ER:mitochondria apoptosis cross-talk (Scorrano et al. 2003) , it is intriguing to speculate that IGFBP3 ER localization may have a role in this process. The observation of IGFBP3 localization to the ER and mitochondria may in part explain previous observations that a nonsecreted mutant of IGFBP3, that did not localize to the nucleus but was primarily cytoplasmic, induced apoptosis (Bhattacharyya et al. 2006) .
Functional contacts between distinct organelles have been identified and fractionated. For example, the contact sites between ER and mitochondria are being characterized as sites for exchange of calcium (Rizzuto et al. 1998 ) and lipids (Stone & Vance 2000) between these organelles. In all, w5-20% of the mitochondrial network surface within a cell is in close apposition to the ER (Rizzuto et al. 1998) . We have documented the presence of IGFBP3 in MAM fraction, a subdomain of the ER, which consists of membrane tubules that provide direct physical contact between the ER and mitochondria (Vance 1990 ). These connections, as well as the ER and mitochondria organelles themselves, are quite variable and can undergo rapid changes in overall morphology, size, and composition (Bereiter-Hahn et al. 2008) . Factors such as calcium homeostasis, cell metabolism, and perceived stress can have dramatic impact on both the form and function of these organelles.
In summary, we have described extranuclear trafficking of IGFBP3 and described mitochondrial and ER localization in human prostate cancer cells. IGFBP3 is well recognized to associate with cell surface membranes (Yamanaka et al. 1999 , Mishra et al. 2004 , and now, we have begun to characterize its association with intracellular membrane-bound organelles. Further investigation into regulation of its subcellular localization and trafficking may provide insights into the molecular mechanisms by which it induces apoptosis and provide further rationale for translation as applied to cancer therapeutics.
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α-hBP3 α-Hsp60 α-PARP Figure 5 Prostate cancer xenografts internalize recombinant human IGFBP3 (rhIGFBP3), which localizes to mitochondria in vivo. 22RV1 CaP xenografts on SCID male mice were treated with IGFBP3, mitochondria were isolated, and immunoblotted for IGFBP3.
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